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(57) [Abstract ] 
[Constitution ] 

Inside extruder (2 and 3), melt mixing after doing compound 
which contains thermoplastic resin and is represented in 
blowing agent and methanol hydroxy group or carbonyl group 
which are represented in polystyrene , fi^om die head 7 
extrusion , immediately cutting off inside cutter box 9 which 
is filled with the heating and pressurizing liquid after making 
particle , it is moved by pressure vessel (16 and 17) and 
iscooled. 
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[Effect (s)] 

cell system of pre-expanded particle is large, in addition, 
homogenization is done. 



$ 1 13 
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Claims 
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[if *3S 2] 

Slft^MttmflS(A)i:ilJa«iJ(B)^5Sii6Sf*L. JJl 

J^(C)^s 10-100 deg C(D^i^Xmmm^tL=F{Z 



m^m 3] 

a 30--80 cD^^ib^*«3(c)(D^prmi4i^siEt> 



*psft*pffi5a7!)<f!ftprmi4»tflg(A)(D*r^xe^ 

SlSmTr%B.O40 deg C ]iLJi<D;Sg[(::J]n^ 

* ;h.fct<7)-c?fcsi»*3a 1 . 2 *fci± 3 t&mcDm 

J!inj»JinBE;'i£*< 2~20Kg/cm' (CiPlE^tlfctCDT* 

umm 6] 

150-300 deg C (D'&lk&mvno 



[Claim (s )] 
[Claim 1 ] 

thermoplastic resin (A ) with blowing agent (B ) with, it 
possesses hydroxy group or the carbonyl group , at same time 
melt mixing does organic compound (C ) of molecular weight 
30-80,doing to push out in heating and pressurizing liquid 
which in temperature * pressure where these molten mixture 
said molten mixture does not foam next from extrusion hole 
of die head it was heated& was pressurized immediately it 
cuts off, pcirticle which it acquires being ambient pressure , 
manufacturing method . of foamable thermoplastic resin 
particle child which designates that it cools in temperature or 
lower which does not foamas feature 

[Claim 2 ] 

particle where thermoplastic resin (A ) with melt mixing it 
does blowing agent (B ),doing to push out in heating and 
pressurizing liquid which in temperature *pressure where 
these molten mixture said molten mixture does not foam next 
from extrusion hole of die head it was heated& was 
pressurized immediately it cuts off, acquires said particle 
being ambient pressure , after cooling in temperature or lower 
which does not foam, hydroxy group or carbonyl group 
possessing, At same time organic compound (C ) of molecular 
weight 30-80, manufacturing method . of foamable 
thermoplastic resin particle child which designates that with 
condition of 10 - 100 deg C itimpregnates in said resm 
particle as feature 

[Claim 3 ] 

It possessed hydroxy group or carbonyl group , it stated in 
Claim 1 or 2 where atsame time melt mixing quantity or 
impregnation amoimt to in thermoplastic resin of the organic 
compound (C ) of molecular weight 30-80 is 0.1 - 10 
weight % manufacturing method . 

[Claim 4 ] 

heating and pressurizing liquid with below the glass transition 
temperature of thermoplastic resin (A ), in Claim I , 2 or 3 
which issomething which at same time is heated to 
temperature of 40 deg C or greater itstated manufacturing 
method . which is stated 

[Claim 5 ] 

manufacturing method . which is stated in Claim 4 which is 
something where the heating and pressurizing liquid was 
pressurized to 2 - 20 Kg/cm <sup>2<;/sup> 

[Claim 6 ] 

Either of Claim 1 —5 which does melt mixing , with 



Page 4 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser, No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP1995316335A 

m^m 1-5 <D<5itv/)x 1 oiciBmosig:^;4o 



[if ^JS 7] 

L. 30-80 0^*gib-&!t^(C)A<, 

y— ;ufc<i:i;/*fcliT-trh>T?fc-Sit*iS 1-6 

Specification 
[0001] 



[0002] 
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temperature range of 150 - 300 deg C manufacturing method . 
which is stated in one 

[Claim 7 ] 

thermoplastic resin (A ), with styrenic resin , blowing agent 
(B ), with butane and/or pentane , at thesame time, it 
possesses hydroxy group or carbonyl group , at same time the 
organic compound (C ) of molecular weight SO^-SO, either of 
Claim 1 ~6 which is a methanol and/or acetone manufacturing 
method . which is stated in one 

[Description of the Invention ] 
[0001] 

[Field of Industrial Application ] 

this invention is something regardmg manufacturing method 
of useful thermoplastic resin particle in various shock 
absorber , thermal insulating material , packing container or 
other application . 

[0002] 

[Prior Art ] 

From until recently, 1-20 weight % impregnating easily 
volatile blowing agent in thermoplastic resin particle which is 
acquired with for example suspension polymerization as 
method which obtains foam molding of thermoplastic resin , it 
makes foamable thermoplastic resin particle child, it heats this 
foamable thermoplastic resin particle child to softening point 
or higher with water vapor and etc after making pre-expanded 
particle , this pre-expanded particle canheat interior with such 
as small hole and from slit water vapor it isfilled in closed 
type die which, Heating with water vapor etc, dissolving melt 
adhesion doing said pre-expanded particle mutually, multi 
bubble characteristic thermoplasticity molded article of 
according to of theabove-mentioned sealed type die (Below, it 
names foamed molded article . ) with method which is done is 
donegenerally. 

However, with suspension polymerization method which 
makes foamable resin particle which is offered to the this 
closed die forging foam molding uniform ones of particle 
diameter are notacquired, grain size preparation is essential 
with sieve classification , in addition as forproduction of 
product which uses additive which dispersion stability 
atunderwater inhibition is done besides there is a problem that 
constraint to be many quite is difficult. With this method there 
was also a problem where regeneration to product of 
foamable thermoplastic resin particle child or other recovered 
product which does not reach to foamed molded article and 
quality standard is impossible . 
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[0003] 

5-59138 -^^^ICf*. |H]i:<fflti5«g4i.??iplM 

tz^s ^>SttW*iiTC0**^X$E^;aS(D±5 
deg c cDMKH^^/lr-rs^lCcfcyi^^rt 



[0004] 

[fgB-SA^*<s?^iLct9t-r*^ii] 

LA^L. ±IB1^^¥ 5-59138 #^«l3m(D*}i 



[0005] 



[0006] 

[M*«3i-rsfc«)a)#s] 

« 30^80 (Drnmit^m^^mi^m-^tzit^ 

[0007] 



[0003] 

Then, melt mixing to do for example thermoplastic resin and 
blowing agent inside extruder recently, as is substituted to 
thermoplastic resin particle with above-mentioned suspension 
polymerization , because of foaming prevention , method 
which in extrusion , liquid is cut offin liquid which it is 
pressurized and is heated to be done,similarly in extruder , 
melt mixing to do thermoplastic resin and blowing agent in 
the for example Japan Examined Patent Publication Hei 
5-59138disclosure , because of foaming prevention , 
pressurization, technology which removes residual stress , 
molecular orientation of particle interior after acquiring the 
foamable thermoplastic resin particle child by in extrusion , 
liquid cutting offin liquid which is heated,by gradual cooling 
doing +/- temperature range of 5 deg C of glass transition 
temperature of foamable resin particle is disclosed. 

[0004] 

[Problems to be Solved by the Invention ] 

But, because as for method which is stated in 
above-mentioned Japan Examined Patent Publication Hei 
5-59138disclosure , dispersibility to inside resin of blowing 
agent is bad to unusual in comparison with suspension 
polymerization method , in addition, with residual stress of 
particle interior cannot decrease either removal of strain and 
orientation in the satisfactory , not be able to assure fattening 
or homogenization of cell diameter inside pre-expanded 
particle , therefore. It had possessed problem that foamed 
molded article which is superior in the melt adhesiveness and 
surface characteristic is not acquired. 

[0005] 

It is to offer manufacturing method of foamable thermoplastic 
resin particle child where foamed molded article to whichas 
for problem which Problem That This Invention Seeks to 
Solve is done, cell diameter of pre-expanded particle islarge, 
furthermore uniform ones becomes, at same time is superior 
in surface smoothness and melt adhesiveness or other quality 
characteristic is acquired. 

[0006] 

[Means to Solve the Problems ] 

these inventors , in order that above-mentioned problem is 
solved, resultof diligent research, in foamable thermoplastic 
resin particle child, had hydroxy group or carbonyl group , the 
cell diameter discovering fact that uniform pre-expanded 
particle is acquired at same timeby melt mixing or 
impregnating organic compound of molecular weight 30-80, 
this invention reachedto completion. 

[0007] 
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30-80 (D^mt^^Qt^^. jSiiSSiL. 
$^L. A^O^J^M 30-80 CD**i»b^!|*I(C)^. 

10-100 deg c (D^i^vrnmrntL^iz^m^-tt 



[0008] 

AS ^Bi.ABS 

— tKUx— 7^;u-<Sh\ :?K'j:7x- U>x— ^ 
[0009] 



Namely, this invention, thermoplastic resin (A ) with blowing 
agent (B ) with, it possesses hydroxy group or carbonyl 
group , at same time organic compound (C ) of molecular 
weight 30~80,melt mixing does, doing to push out in heating 
and pressurizing liquid which in temperature * pressure where 
these molten mixture said molten mixture does not foam next 
from extrusion hole of the die head it was heated & was 
pressurized immediately it cuts off, particle which it acquires 
being ambient pressure , manufacturing method , and 
thermoplastic resin of foamable thermoplastic resin particle 
child which designates that it cools in temperature or lower 
whichdoes not foam as feature (A ) with melt mixing it does 
blowing agent (B ), doingto push out in heating and 
pressurizing liquid which in temperature ^pressure where 
these molten mixture the said molten mixture does not foam 
next from extrusion hole of die head it was heated &was 
pressurized immediately it cuts off, particle which it acquires 
said particle being ambient pressure , after coolingin 
temperature or lower which does not foam, it possesses 
hydroxy group or carbonyl group ,at same time organic 
compound (C ) of molecular weight 30-80, it regards 
manufacturing method of foamable thermoplastic resin 
particle child which designates that with condition of 10 - 100 
deg C it impregnates in said resin particle as feature. 

[0008] 

thermoplastic resin which is used with this inventor (A ) as, if 
especiallyrestriction not to be, should have been foamable 
resin with blowing agent , the for example polystyrene , 
styrene -butadiene copolymer (impact resistant polystyrene ), 
you can list styrene- (meth ) aciylate copolymer krill acid 
copolymer , styrene -maleic anhydride copolymer , AS resin , 
ABS resin or other aromatic vinyl resin , vinyl chloride resin , 
vinylidene chloride resin , vinyl chloride -vinyl acetate 
copolymer or other vinyl chloride resin , polyethylene , 
polypropylene or other oleflnic resin , poly (meth ) acrylated 
acid methyl , poly (meth ) acrylated acid ethyl , methyl 
methacrylate -styrene copolymer or other acrylic resin , 
polyethylene terephthalate rate , polybutylene 
terephthalate-based resin rate or other polyester resin , 
polycaprolactam , hexamethylene adipo amide resin or other 
amide type resin , polyurethane , polycarbonate , 
polyetherimide , polyphenylene ether jpl 1 or other alone or 
mixture , evenamong them aromatic vinyl resin , olefinic resin 
ease , blowing agent of production (B ) with is desirable in 
melt mixing characteristic and microdispersibility or other 
point of blowing agent inside the resin particle , especially 
styrenic resin is desirable. 

[0009] 

You can list for example aliphatic hydrocarbon blowing 
agent , halogenated hydrocarbon blowing agent etc blowing 
agent which is used with this invention (B )as, of usually 
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[0010] 

<?uU7\s){^A^ :7;u:j-py^>. v3?;U:t'P 
hU37;u:*-P>4'>. i?:7;u*PX^>. h 
<j77;u:*-px^>, :7;i/:tp^ppy^>, 
p^ppx^j>, v^^ppv:7;u7|-py^>^(7)m 

3^6 <Dimmmt7m. 

[0011] 

m}m(B)<D^mmit. OTmtttsBi loo «« 
ai^^x* 2-10 mmmtm^Li^o 

[0012] 

X(4v<7P^+Ht>l|^^?4fc€>lMififfflr'fil 

^vb>. x^;u^>-tf>l|cD^SS^M<b 
7K^!S;x^U>i;^p^>f h\ hU^7PPx^u 
7^h^^^ppx^ui/«|co/\p>r><bm<b7K 

[0013] 

x>&o:x^;u^>-tf>75<»*Ll^o 

[0014] 



boiling point under atmospheric pressure those 95 deg C or 
less isdesirable. 

[0010] 

As above-mentioned aliphatic hydrocarbon blowing agent , 
you can list for example ethane , propane , propylene , normal 
butane , isobutane , isobutylene , normal pentane , 
isopentane , neopentane , cyclopentane , hexane , 
cyclohexane , petroleimi ether , etc you can list for example 
methyl chloride , ethyl chloride , dichloroethane , 
chloroform , fluoromethane , difluoromethane , 
trifluoromethane , difluoroethane , trifluoroethane , fluoro 
chloromethane , fluoro chloroethane , 
dichlorodifluoromethane Tang or other alone or mixture in 
addition as halogenated hydrocarbon blowing agent , 

aliphatic hydrocarbon , especially normal butane , isobutane , 
normal pentane , isopentane of number of carbon atoms 3-6 
has suitable boiling point even among themand is desirable 
even from surface of point, and environmental protection 
which are superior in microdispersibility inside foamability , 
resin particle . 

[0011] 

amount used of blowing agent (B ), with usually, 20 parts by 
weight or less , is not cohesion of particle even among them 
vis-a-vis thermoplastic resin lOOparts by weight ,2-10 parts 
by weight aredesirable in point which uniform cell diameter is 
easy to be acquired. 

[0012] 

Furthermore when among above-mentioned blowing agent 
(B ), propane , normal butane , isobutane , normal pentane , 
isopentane or the cyclohexane etc alone or you use with 
combined use, at time of blowing agent impregnation it is 
desirable to jointly use organic solvent , generally known 
foaming aid which melts thermoplastic resin particle . 

solvent of benzene , toluene , xylene , ethyl benzene or other 
aromatic hydrocarbons ;ethylene dichloride , 
trichloroethylene , tetrachloroethylene or other halogenated 
hydrocarbons ;ethylacetate , butyl acetate or other esters or 
other public knowledge can be listed as example of this 
foaming aid . 

[0013] 

Even among them, thermoplastic resin (A ) and blowing agent 
(B ) with it is superior in compatibility , toluene and ethyl 
benzene are desirable from point whichcan adopt blowing 
agent (B ) efficiently in thermoplastic resin particle . 

[0014] 
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(Dvitui^t<. jis. sftwMH^Bi 100 masf 
(c«Lr . ii« 0.1-2 mm%(D^mvttf^L<m 

[0015] 

xfi(X3g2)a>2-:)a)xfi(cj:or«i3c;$*i. x 

S 1 §JclM*xm 2 lCfclNr7KM^L<l**;U 

^L. A^o5J^^=-a 30^80 co^^ib^ 
!KlI(C)(KlT. ^lcr:&«Hb^1«3(C)J<tBl&IHr^) 

[0016] 

:$imm<DJLm i icfciNT. ?SiPiMtt«fli(A)t 
m^mi^x. (A)cD?tit;asiii±r*?gitsM'r 

'?):^;£/)<^lf bH. a®(*mi4lf tiifii. x|S» 
[0017] 

tCD-^:(*^^:l^*<.^^ ISO'-SOO deg C (DSJg 
[0018] 

;^INX%XS 1 T*}#lliSi^$Hfc?SBS;M^J|^3 

(ig5affj^^s»wmi4«iii)ii> i^mmmmcD 

tlS(XS 2)o 
[0019] 

^^:t^*^ fl^l^lSES O.S^Smm. »^L<I4 0.5-1 



In addition, amount used of foaming aid is not something 
which especiallyis limited. Usually, it is desirably used in 
range of usually 0.1-2 wt% vis-a-vis diermoplastic resin 
lOOparts by weight . 

[0015] 

manufacturing method of foamable thermoplastic resin 
particle child of this invention , thermoplastic resin (A ) with 
step which blowing agent (B ) melt mixing is done (step 1 ), 
from extrusion hole of die head which is installed next in end 
of melt mixer , extrusion it is in heating and pressurizing 
liquid after, cutting off, configuration to be done with 2 step 
of the step (step 2 ) which is made particle , in step 1 or step 2 
hydroxy group or carbonyl group possessing, At same time it 
designates that organic compound (C ) (Below, "organic 
compound (C ) " with you briefly describe simply ) of 
molecular weight 30-80 isintroduced as feature. 

[0016] 

but for example thermoplastic resin (A ) with melt mixing 
does blowing agent (B ) with melting temperature or greater 
of(A ) making use of melt mixer , you can list method which 
in the step 1 of this invention , thermoplastic resin (A ) with 
melt mbcing is done blowing agent (B )as method which, 
single screw extruder , twin screw extruder , tandem extruder 
or other extruder can be used usually, when even amongthem 
twin screw extruder and tandem extruder are used in point 
whose dispersion of said thermoplastic resin and blowing 
agent is satisfactory, you are desirable. 

[0017] 

In addition, introduction time of blowing agent (B ) especially 
is notlimited. thermoplastic resin semimolten or place where 
it is dissolving, when the pressure insertion it does from 
midway portion of for example extruder , it is desirable. 

It is not something if temperature at time of melt mixing 
should havebeen temperature which thermoplastic resin (A ) 
melts, especially is limited. Usually 150 - You can list 
temperature range of 300 deg C. 

[0018] 

Next, with step 1 molten mixture (blowing agent content 
thermoplastic resin ) which melt mixing is done, from the 
extrusion hole of die head where melt mixer is first installed, 
extrusion it isin heating and pressurizing liquid after, cutting 
off, it makes particle , (step 2 ). 

[0019] 

Especially it is not limited as die head which is used here. 
You can list those etc which possess extrusion hole of for 
example diameter O.S-^Smm , preferably 0.5~lmm . 
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»<*MlCliS^^Mt±«)ig(A)(DTgJJlT40 deg 
[0022] 

•(5i|;il*fia^^t±^l!i(A)A<X 
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[0023] 
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In addition, extrusion is after cutter which is cut off is 
notlimited especially. It possesses for example cutter in 
interior , configuration it is done heating and pressurizing 
liquid which is filled in interior from pressure resistant vessel 
(From now on "cutting box " with it names ) which possesses 
the inlet and household drain which can circulate in order to 
be possible to cutoff blowing agent content thermoplastic 
resin which was pushed out from die head atonce with cutter 
it can list those which are locked to die head . 

[0020] 

As heating and pressurizing liquid , if they should have been 
pressurizable ones in pressure or greater whichcan prevent 
foaming of above-mentioned particle , especially is 
notlimited, but you can list for example water, glycol , 
ethyleneglycol , water and the blend etc of ethyleneglycol . 

temperature control of heating and pressurizing liquid being 
easy even among them, in addition, fromwater which heating 
and pressurizing is done is desirable from point which isa 
non- soluble vis-a-vis said resin . 

[0021] 

heating and pressurizing liquid which is used here be able to 
prevent cohesion of the particle which is acquired by making 
below the glass transition temperature of thermoplastic resin 
(A ), as aresult, being able to decrease residual stress inside 
said particle considerablyin blowing agent content 
thermoplastic resin particle itself which is acquired by in 
addition on onehand, being heated, with flow property , 
appearance of molded article besides it can improve. Because 
strain or orientation inside resin particle can be decreased, itis 
possible to make microdispersing of blowing agent with 
maturity & cell diameter homogenization step satisfactory. 

It is desirable to be a Tg or less 40deg C or greater of 
thermoplastic resin (A ) concretely. 

[0022] 

Furthermore concretely, for example thermoplastic resin (A ) 
being styrenic resin , when blowing agent (B ) butane 
(Various isomer of normal butane are included. ) or it is a 
pentane (Various isomer of normal pentane are included. ), to 
particle of heating and pressurizing liquid as for temperature 
which is converted range of 40 - 100 deg C is desirable, 
butfrirthermore range of 50 - 80 deg C effect which 
descriptionabove is done becomes more remarkable and is 
desirable. 

[0023] 

In addition, as for pressure which is added to heating and 
pressurizing liquid , pressure , where said particle does not 
foam with temperature namely, with pressure of saturation 
vapor pressure or higher of blowing agent usually in 
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[0024] 

■h. ii'^ 5Kg/cin^ Jii±,3fe*''-e4, 7~20Kg/cm^ 

it. IKg/cm? fil±, ^C*^■et 3~15Kg/cm^ T?fe<5 
Ci:A<»*LL^o 



[0025] 

ilft ^ 14 / < :f I c J: y !® ^ fie ffl ^ *t -5 »n Sft JiD IE 
<'Ji:'5>SJtlUT-e, B.O 30 deg C J*l±(7>S)6 



[0026] 

WL. t-^^^^m 30-80 *^<b^^«!l(C)l*^l4 

;ii:icj:yfSiprMtt1^fli*iT-^a5^iJ[t£A<® 
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temperature of heating and pressurizing liquid , it isdesirable 
to be set to range of for example 2'-20Kg/cm <sup>2</sup>. 

If that time, they are 2 Kg/cm <sup>2</sup> or more, it is 
likely to preventfoaming of particle which is cut off, in 
addition, if they are 20 Kg/cm <sup>2</sup> or less, 
miniaturization of facility with possible merit withrespect to 
economy becomes large. 

[0024] 

When concretely, when with when heating and pressurizing 
liquid is filled up in cutting box ,blowing agent is butane , 
usually and it is desirable 5 Kg/cm <sup>2</sup> or 
more,among them to be 7 - 20 Kg/cm <sup>2</sup>, blowing 
agent is pentane , it is desirablethen to be 3 - 15 Kg/cm 
<sup>2</sup> 2 Kg/cm <sup>2</sup> or more and among 
them. 

[0025] 

As for method which removes foamable thermoplastic resin 
particle child which cut isdone, you can list method below for 

example in step 2. 

Namely, after heating and pressurizing liquid which includes 
foamable thermoplastic resin particle child coming out of 
cutting box it is led to pressure vessel where you can install 
jacket forheating & cooling in mixer , and outside via pipe . 

You install filter in bottom of pressure vessel , separate said 
particle and heating and pressurizing liquid into continuous , 
as for said particle reservoir and others*, as for heating and 
pressurizing liquid which in addition passes filter you are 
resetto cutting box in pressure vessel and recycle are done. 

reservoir and others * it is inside pressure vessel as for 
foamable thermoplastic resin particle childwith valve to be 
separated from pipe of heating and pressurizing liquid which 
the recycle is done, even imder ambient pressure with 
temperature or lower where said particle stops foaming, at 
same time it is cooled to temperature of 30 deg C or greater 
by passed water doing cooling water in jacket . 

At that time, as for heating and pressurizing liquid which 
includes foamable thermoplastic resin particle child 
whichcirculates if it leads to another pressure vessel , 
continuous production becomes possible. 

[0026] 

It possesses hydroxy group or carbonyl group which is used 
with this mvention , atsame time also or mixing 2 kinds or 
more , it is good using with alone using molecular weight 
30'-80organic compound (C ). 

organic compound (C ) becomes something where 
dispersibility to thermoplastic resin particle quite 
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m^m^} 20-^100 deg C 
flo5J^^aA< 30-80 ]UT(Dta). 
40-80 deg C CDBSHrtlCfeoT. MO^i^ 
^*7b<60i^T(Dt<7)7b^^<l^J&3^4^CD1z;Ug 



[0027] 
[0028] 



[0029] 

mB)mmizzALxmmmm^it^(±u i 

^MttffiSi(A)A< 150-300 deg C fzjnlft^tl. 
J:y7K>3^^fflt^ 100-300Kg/cm'(D£E*r'fit*& 



issatisfactory by designating molecular weight as 30 - 80. 

In addition, organic compound (C ) is something which 
possesses either functional group of hydroxy group or 
carbonyl group , but both may coexist. 

Effect of this invention it becomes remarkable and is 
desirable even amongthese to possess especially hydroxy 
group with alone . 

Furthermore, boiling point being inside range of 
approximately 20 - 100 deg C, at same time molecular weight 
those below 30 - 80. Especially, boiling point being inside 
range of approximately 40 - 80 deg C, at same time molecular 
weight those of 60 or less cell diameter of the pre-expanded 
particle become large, are desirable from point where in 
addition the uniformity improves. 

[0027] 

organic compound a this way (C ) as concretely, you can list 
methyl alcohol , ethyl alcohol , butyl alcohol , acetone etc,but 
thermoplastic resin (A ) with from tackling easiness to 
thermoplastic resin (A ) whichoriginates in point and 
molecular skeleton which possess suitable compatibility , the 
mixed solution of methyl alcohol , and methyl alcohol and 
acetone is desirable, but it isdesirable even among them to use 
with methyl alcohol alone . 

[0028] 

In addition, time which disperses organic compound (C ) 
which is used with this invention to foamable thermoplastic 
resin particle child is good any time , for exEimple 
1 thermoplastic resin (A ) in the extruder , semimolten or from 
midway portion which is been dissolving, blowing agent (B ) 
wdth pressure insertion doing simultaneously, melt mixing is 
good doing and,after forming 2 foamable thermoplastic resin 
particle children, it is possible to impregnate organic 
compound (C ) which possesses polar group . 

[0029] 

organic compound (C ) thermoplastic resin ( A ) in extruder , 
semimolten or blowing agent (B ) with pressure insertion 
doing simultaneously from midway portion which is 
beendissolving, with midway portion where thermoplastic 
resin (A ) is heated by 150 - 300 deg C in extruder as (method 
description above 1) exemplary method which melt mixing it 
does, semimolten or is dissolving, It supplies with pressure of 
100 - 300 Kg/cm <sup>2</sup> making use of pump from 
another injection aperture which to injection aperture and 
most same places of the blowing agent (B ) is. 

After that, kneading it is done with latter half of extruder , but 
asfor kneading time generally, range of 1 - 1 5 min you can list 
different ,with types of extruder and structure of screw . 
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[0030] 



[0031] 

10-100 deg c (Dmmx^m&miR't^:Lt 

t<V^^t<. ci:y#;Sttlw@tt^^3{)Ne,. 30-80 
deg C a)ffiBiA<»*Ll^o 

[0032] 
[0033] 

mMfzj^f *mfijt-c?. o.i-io%(D©Hr*fes 
rx^L^>^«ijiie^^fi&ffl-r-5ii^. 0.1-2 

IE 1 (D^jyivit. m^ti^mi^^m^mitmm 
IK 



different ,with types of extruder and structure of screw , 
[0030] 

It is not something which especially is limited as (method 
description above 2) exemplary method whichimpregnates 
organic compound (C ) after forming foamable thermoplastic 
resin particle child, thermoplastic resin (A ) with blowing 
agent (B ) with cutting off molten mixture open system 
canister , making use of v2irious device where mixer which 
possesses canister , autoclave , or Henschel mixer or 
supermixer or other high shear stress which have gas barrier 
property which is closedairtight is mounted, you can list 
method which mixes particle and organic compound (C ) 
which are acquired, with foaming temperature or lower . 

[0031] 

At time of this , as temperature condition when mixing, if 
especially notto be limited, above-mentioned range should 
have been satisfied, ofusually, it can select appropriately in 
range 10 - 100 deg C, but fromfrom point which is superior in 
impregnability , range of 30 - 80 deg C is desirable. 

[0032] 

In addition but, usually to do xmder ambient pressure it is 
possible the pressure when impregnating, if under 
pressurizing and imder vacuum , itis a temperature where said 
particle does not foam, it is possible to do withwhichever 
method . 

[0033] 

Next, finally as for content of organic compound (C ) in 
foamable thermoplastic resin particle childwhich is acquired, 
cell diameter is larger, &om point where wheneffect of this 
invention that becomes more remarkable at same 
timebecomes uniform , with weight ratio for weight of 
thermoplastic resin (A ), it isdesirable, to be 0.1 - 10% ranges, 
even among them, uses styrenic resin particle the 
thermoplastic resin (A ) as. Furthermore it is desirable to be a 
range of 0.1 - 2 wt% . 

That time, Quantity of organic compound (C ) which is 
inserted first with method description above 1, may be almost 
same as content in foamable thermoplastic resin particle child 
which is acquired, but with scattering and drying process 
under the atmospheric pressure which is desirably used 
continuously, to consider quantitywhich Hayaru scattering is 
done from particle , excess quantity to bedesirable in 
comparison with content inside particle somewhat touse, in 
addition, With method which is impregnated after description 
above 2 the foamable thermoplastic resin particle child and 
soaking in same extent or excessive organic compound (C ), if 
it should haveimpregnated. 
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[0034] [0034] 



i**pE^r^T. lO'-loo deg c x% -^m^mt 



[0035] 

mmm^^mikLtzmiz^ $^m\^xi^m^6:mm 

[0036] 

z<Dnmjim\zmi^^B^ti.xit. mzm^ 
^H-r. miitm^x&^xtms.^mtj:m^v 

*ti^i:l>*^ 10-50 deg C X&^Zttm'^L 
[0037] 



B§*4^a)i{itNF(^%^ib^1*)(C)^?tSitl?lia* 

-<ommz:k^<m^r^ti^x^o 



On one hand, thermoplastic resin (A ) or with blowing agent 
(B ) mixing time in order toimpregnate in time, or foamable 
thermoplastic resin particle which melt mixing is done 
childespecially is not limited organic compound (C ), regards 
to kneading method description above 1 usually, first and if 
time when it passes inside extruder should have mixed, but 
furthermore, after foamable thermoplastic resin particle 
childforming and imder atmospheric pressure , with ambient 
temperature 2-60 minutes, scattering organic compound (C ) 
in resin particle , effect of this invention it becomesmore 
remarkable and is desirable to do. 

Regarding to method description above 2 next, under 
atmospheric pressure orunder pressurization closing airtight, 
with 10 - 100 deg C, in case of stirring apparatus which 
possesses autoclave or high shear stress even in 2 min ~6 
hoiu's , as impregnation time , it is desirable to be 2 - 120 
minutes. 



In addition regarding to this invention, thermoplastic resin 
(A ), blowing agent (B ) andafter producing foamable resin 
particle which contains organic compound (C ), drying, from 
foam of uniform cell diameter is acquired excessive organic 
compound (C ) by fact that the volatilization it does. 



Especially it is not limited as temperature condition in drying 
process . It is desirable to be 10 - 50 deg C. 



In addition this invention melt mixing can point to organic 
compound (C ) whenproducing thermoplastic resin particle 
which contains blowing agent , or, in order or after totake 
method which is impregnated, you can say that step 
issimplified, contributes to improvement of productivity and 
thereduction of utilities largely after in comparison with 
method which is impregnated in resin particle which does not 
include blowing agent with conventional suspension 



[0036] 

Especially it is not limited as canister which is used for this 
drying process ,with open canister and with pressure reducible 
vessel and is good whichever. 



[0035] 



[0037] 

this way, until from fact that cell diameter of pre-expanded 
particle becomes uniform organic compoimd (C ) melt mixing 
or by impregnating with short time ,pre-expanding is done 
from production of foamable resin particle , greatly be able 
toshorten ageing time of time namely particle , in addition cell 
diameter because of uniform surface smoothness £md melt 
adhesiveness or other external appearance of foamed molded 
article it ispossible to improve largely. 
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t±i^cDi*i.m 1 ms<r)Wiiim2<D7t-y/<—i iz 

(D X ' J i - -C 3t ^J- 1 c it ;g ^ ^ H -5 ( X g 



[0039] 

T?Jgil[iliE-r-&*'V'J'-:^^-K 8 f-J:y^Bf* 
17(*fc(i 19). fcJ;i;;S^$iJ^COfc«)<OvA"tr 

com 1 W.-hM^ 16(^fc(*m 2 QE*SS 18) 
OJSg|5lcl*:7-r;u5i-20(*^cl* 21)A<^^$*t 

T*5yMI!ii4^t*afSi*aJEjS3b<;iCT?^8l*+v 
-5(X^2), 

li i8)lcjSi6c,n.iS^**vfcaJtvlI*Tlc 
«^$tt. ^gJS:^j|cj:y|B±Lfcj|»ligSi^l^ 

[0040] 

l*23)i£iiy. 16(*fcli 18)rt<7)3?-i';i' 

^-20(*fc(i 2i)^ffiiaLfcm'h^aii4^^^7 

28 lcAy«IElcK$tt-S). 



m 31 $ai§Ucjpi»jaic<fcyaffi«iJS9$*i. * 

fcJPBEJK^^ 29 IC<):y*PlI$ti-CSlX*'yT--f 
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polymerization method and extrusion . 
[0038] 

You explain on basis of process diagram which shows one 
example of theconsecutive production step in Figure 1 above 
in manufacturing method of this invention whichis detailed. 

Among tandem extruder which consist of two which is tied 
with the connecting pipe 5, it supplies thermoplastic resin (A ) 
to hopper 1 of extruder 2 of the first , it selects time where it 
melts and with screw blowing agent (B ) pressure insertion it 
is done from line of 3 and 4 by pump , with screw of 
satisfactory structure of kneading behavior melt mixing is 
done in satisfactory (step 1 ), here as for organic compoimd 
(C ) 3, pressure insertion it is possible to do from another 
injection aperture which is 4 and mostsame places with 
pump . 

Next, while blowing agent molten resin which kneading is 
done passing by the connecting pipe 5 and moving to extruder 
6 of second and continuing kneading of blowing agent it is 
cooled by optimum temperature and it discharges from die 
head 7 which possesses multiple pore . 

[0039] 

resin which discharges is cut off inside cutting box 9 which 
sticks die head 7 by cutter blade 8 which high speed rotation 
is done in heating and pressurisdng liquid whichcirculates 
after making particle of spherical shape , (resin particle /liquid 
=1/50-300 ) mixer 17 (Or 19), andis transported to first 
pressure vessel 16 (Or second pressure vessel 18 ) where 
jacket for temperature control ismounted with excessive 
slurry of heating and pressurizing liquid . 

filter 20 (Or 21) is mounted in bottom of this first pressure 
vessel 16 (Or second pressure vessel 18 ) and resin particle 
and heating and pressurizing liquid are separated here (step 
2). 

resin particle which contains blowing agent in pressure vessel 
16 (Or 18) reservoir andothers *, is kept under temperature , 
pressure which is set decreases strain * stress inside resin 
particle which occurs due to residual stress . 

[0040] 

On one hand, heating and pressurizing liquid which is 
separated passes by valve 22 (Or 23), isreset to ambient 
pressure resin microparticle which passes filter 20 (Or 21) 
inside the pressure vessel 16 (Or 18) fiirthermore after being 
removed, entering ambient pressure circulating canister 28 
with filter 27. 

liquid of this ambient pressure is sent by pump 32, 
temperature control is done by theadding hot liquid which 
passes heat exchanger 3 1 , being pressurized in addition by 
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[0041] 

ffi^ii/^^u:? 10 22 ^f^i:t[^<d 

1^. i2(Sfcf* i4)[ig3j»Lr 

[0042] 

i3(*fci± i5)^g3(t[c:<D[^./<;u^ 12(* 

fcl± 14)l±raC-5]IE*lS§&rtCDIE*^#i±l^ 
[0043] 

TLr6^f>56;&t£«lii*4^S^tii/N*;u::^ 24(*fc 
I* 25)$BI(t«BiiaT^?«(DS^4*i^+»->:^JU 

[0044] 
[0045] 



pressurizing pump 29, is supplied by cutting box 9 again and 
recycle is done. 

heating and pressurizing liquid does fine adjustment of 
pressure with liquid resetting valve *line 30 for pressure 
adjustment not only a pressurizing pump 29. 

[0041] 

In addition, resin particle which is stored in pressure vessel 16 
(Or 18) closing the valve 10 and valve 22, gradual cooling is 
done [That time, valve 12 (Or 14) for pressure adjustment 
opening, keeps pressure . ], after being separated from heating 
and pressurizing liquid which circulates, by warm water , 
cooling water , or chiller water which passesinto jacket . 

[0042] 

Next, resiu particle which contains blowing agent being 
ambient pressure , to temperature which does not foam you 
open pressure pulling out valve 13 (Or 15) with the time point 
which was cooled and after resetting pressure inside [At time 
of this , valve 12 (Or 14) closes ] pressure vessel to ambient 
pressure , setting to predetermined temperature , you enter 
into ageing step . 

[0043] 

After under ambient pressure , ageing of predetermined 
temperature and time ending, foamable resin particle 
discharge valve 24 (Or 25) isopened and blend of resin 
particle and liquid is discharged in the sample removing 
canister 26. 

[pressure vessel 16 (Or 18) which has become sky is filled up, 
warm water ispressurized by predetermined pressure and 
enters into waiting state . ] Next, drying, foamable 
thermoplastic resin particle child which it makes objective is 
acquired. 

[0044] 

In addition, when pressure insertion of organic compound (C ) 
is not done in extruder 2, after discharging, inserting in 
mbcer-equipped open canister which is fiUedup foamable 
resin particle which is acquired with organic compound (C ) 
of excess in the canister 26, agitating, after impregnating, 
drying particle which itacquires, foamable thermoplastic resin 
particle child which it makes objective is acquired. 

[0045] 

Furthermore, application it is possible to do various modifier 
of molding cycle improver , antistatic agent or other public 
knowledge at various modifier , formation times of 
antiblocking agent or other public knowledge at time of 
pre-expanding in thermoplastic resin particle surface which is 
acquired by this invention and is improved. 
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[0046] 

5M10 deg Ca)7K^m&^TT7t)^$fg^20M0 

[0047] 
[0048] 

[HJSfjy] 



1 



7Kux^u> 100 1 ejf ajtstm 2 s» 

;ut;uii-;u 0.9 mm^^mi&mi^Autmt 



lH;mStt200 deg C. 



10 



C(D^ 

0Kg/cm^$5^Lfco 

[0049] 

K(l¥ttl?L O.6mm0 X70 ii)$'iBLT.65 deg 
C. 15kg/cm' (7)J)nME7KT*3lSfe$+lfc*^y^^ 
>>f7H*y^XCD4>IZ 30kgAir CDftJ^-^WLtilL. 
itt>(C**:/^f— -CTk^^^yhL.*?] 1.0mm 

[0050] 



[0046] 

Until molded article is obtained from thermoplastic resin 
particle of this invention , it is notsomething step may be 
method which usually is done, especiallyis limited. Applying 
water vapor of for example beforehand 85--1 10 deg C, hot 
foaming it does in imibrella magnification 20-100 tinies and 
makes pre-expanded particle and (pre-expanding distance ), it 
exposes said pre-expanded particle to atmosphere ,permeates 
air into particle and and it removes moisture whichdeposits in 
particle and (ageing step ), pre-expanded particle which next 
passes this ageing step itis filled in small hole and closed die 
forging of closed die where slit is provided, Furthermore 
method which is made molded article which individual 
particle melt adhesion is unified can be listed by heating 
recurrence bubbledoing with water vapor . 

[0047] 

this requiring, it can utilize foamed molded article which was 
made invarious shock absorber , thermal insulating material , 
packing container etc. 

[0048] 

[Working Example (s )] 

You list Working Example and Comparative Example below 
and list, explain this invention concretely. 

Working Example 1 

Supplying polystyrene 100 parts from hopper of tandem 
extruder which consists of the first step extruder and second 
step extruder extrusion , next butane 6.5parts by weight from 
injection aperture of the first step extruder last half supply, 
furthermore, methyl alcohol 0.9parts by weight it supplied 
from another injection aperture which to blowing agent 
injection aperture and most same places is, melt mixing did 
polystyrene and butane and methyl alcohol with first step 
extruder and second step extruder . 

At time of this , as for resin temperature as for 200 deg C, 
resin pressure 100 Kg/cm <sup>2</sup> were shown. 

[0049] 

In cutting box which is filled up with heating and pressurizing 
water of 65 deg C, 15kg/cm <sup>2</sup> the resin which 
melt mixing is done, through die head (extrusion hole 0-6nmi 
diameter X 70 ) of second step extruder , atratio of 30 kg/h 
extrusion , underwater it cut off at once with the cutter , 
acquired particle of approximately 1 .0 mm . 

[0050] 

After being separated from pipe of heating and pressurizing 
liquid which in interior you could install jacket for heating & 
cooling in outside with mixer , from cutting box in heating 
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ISKg/cm^AnaT.SO deg C^V7%&i'i>o 



[0051] 

:i'?Lxmi^tzm=Fit.zf^:^^^mit 5.8 « 
s%T?fcy.y5^;uT;ixzi-;u^Mi* o.8 a 

ro-tr/US^ai^LfcirC?) 150-180// m irtS— 

TK^^-eiPl^LTJtli-Em^lS-^ 290 X S$ 4 
90 X 15$ 25(mm)<D^J&ilfeff5tti^4#. :Z<Df&m 

tZo 



[0052] 



•f§;fe14l4T0¥t^i^4T@:lOO mcDmi^mt 

■f§?&f&^ vBE Ikg/cm^ CDX^— A-C?JP 



10 {KD^Bfs^ 50 iS(Dmwmmm 



and pressurizing liquid and simultaneous through the pipe , 
leads particle which it forms to pressure resistant vessel of 
pressure resistance 25Kg/cm <sup>2</sup>,circulates by 
valve , passed water doing cooling water in jacket , under 15 
Kg/cm <sup>2</sup> pressurizing. It cools to 30 deg C. 

After that you reset to ambient pressure , 30 min hold did, 
methyl alcohol of the excess after Hayaru scattering, you 
removed particle to outside the system , the dehydration * 
dried with spin drying machine , acquired foamable 
polystyrene resin fat particle . 

[0051] 

In this way, as for particle which is acquired, as for butane 
content with5,8 weight %, as for methyl alcohol content they 
were 0.8 weight %. 

In this resin particle coating after doing zinc stearate , it 
heated with the water vapor , made pre-expanded particle of 
bulk multiple 60 times , after approximately whole day and 
night maturingwhen cell diameter of pre-expanded particle 
was measured 150 - 180;mu m and miifomi ones acquired. 

In addition, in airtightness die it was filled, with water vapor 
heated melting & pressure bonding doing this pre-expanded 
particle , foamed molded article of side 290 X length 490X 
thickness 25 (mm ) it obtained, surface smoothness of this 
molded article and melt adhesion of the foam particle 
measured. 

[0052] 

properties of foamability particle , pre-expanded particle and 
molded article is shown in Table 2 . 

Furthermore as for properties it measured or appraised with 
method below, or. 

* average particle diameter :100 of foamability particle 
particle diameter of foamability particle was measured with 
dial gauge , average was sought. 

* It measured with blowing agent of foamability particle and 
content : [gasukuromatogurafii ] of the organic compound 
which possesses foaming aid , polar group . 

* Heating with steam of foamed expansion ratio .gauge 
pressure Ikg/cm <sup>2</sup>, it acquired pre-expanded 
particle of the bulk expansion ratio approximately 60 times . 

* foam particle 10 which foams in same way as cell diameter : 
descriptionabove of foam particle cross-section was taken in 
stereomicroscope photograph of 50 times ,diameter of cell 
was measured, range was sought. 

* You took in stereomicroscope photograph of 50 times to 
similar to uniformity : description above of foam particle 
cell , with visual it decided appraised uniformity of cell . 
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[0053] 
[0054] 

C7)|4^CDSfe)xiOO 
[0055] 

mmmi 
mmm i 

<ki5]|$(D:^r54 (cj:y7K'j7.TU>^aiii 100 gp. 3^ 

^> 5.5 gp. ;«<^;U7';U=i— ;U 0,5 gP^LTh^UX 
[0056] 

3 

7Kgx^b> 100 gp^m 1 sff a^tm 2 s» 

y«$&LT}f tUL. ^Xl^VZf^^ 6,5 KSSP^m 

1 sffffi^^*cDaAPci:y«fs&L.m 1 eif 

Z(DB^.fitB|SJt»±200 deg C. mfliffi*!* 12 
[0057] 

K(ffti3fL 0.6mm(p x 70 {i)$SLr. 70 deg 

— ?t?'>^xa)*ic 30kg/hr(D9i'& -effttiL.it*> 

{-^.y^_-e7K***vhL. m 1.1mm c7)J|f4^*t# 



[0053] 

* occurrence state of empty gap of appearance of molded 
article :surface of molded article was decided with visual . 

*: it does not occur almost. 

0:extremely minute amoxmt it occurs, but in regard to utility 
there is not a problem . 

Occurrence of X :empty gap is conspicuous. 

[0054] 

* Snapping melt adhesion :foamed molded article (platelet 
molded article ) with central portion , value where it 
broke,measured quantity of all of particle which is this 
fracture surface , and aquantity which is broken with particle 
interior calculated with formula below. 

(A quantity which is broken with particle ulterior ) / (Quantity 
of all particle which is fracture surface ) X 100 

[0055] 

Working Example 2 
Working Example 1 

extrusion melt mixing doing polystyrene resin 100 parts , 
butane 5.5 part , methyl alcohol 0.5 part and toluene 1 part 
with with similar method ,you obtained foamable resin 
particle , you made pre-expanded particle , foamed molded 
article to similar, measured the melt adhesion of smoothness , 
foam particle of cell diameter and molded article . 

properties of foamability particle , pre-expanded particle and 
molded article is shown in Table 2 . 

[0056] 

Working Example 3 

Supplying polystyrene 1 00 parts from hopper of tandem 
extruder which consists of the first step extruder and second 
step extruder extrusion , it supplied butane 6.5parts by weight 
next from the injection aperture of first step extruder last half , 
melt mixing did polystyrene and butane with the first step 
extruder and second step extruder . 

At time of this , as for resin temperature as for 200 deg C, 
resin pressure 120 Kg/cm <sup>2</sup> were shown. 

[0057] 

In cutter box which is filled up with heating and pressurizing 
water of 70 deg C, 12kg/cm <sup>2</sup> the resm which 
melt mixing is done, through die head (extrusion hole 0.6mm 
diameter X 70 ) of second step extruder , atratio of 30 kg/h 
extrusion , underwater it cut off at once with the cutter , 
acquired particle of approximately 1.1 mm . 
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±f&Ltzf&^^.30 deg C *l?;^4nL. ^1±(:: 

7K^.f#?)^X/cia^^.40 deg C IZ^n^^tz 
^^MmlziiL lOomHSScDigfiJcDy^^UT^u 

rt#iK0^fe#tiJL.45 deg C V 20 
[0059] 

Mro-efcy.y^^^uTyua— yu^Wfii* i.3 m 



?&*4?^(Diz;Ugt 150'-180/i m tl^— 
[0060] 

100 gp^m 1 Sff tUISirm 2 ^ff 

yfit«&LTfflaiL.;^i^r*:?4'> 5.5 



C(7)l$.miiiaSl*190 deg C.1»flilE*l*90 
[0061] 

K(ff i±3fL O.5min0 x HO <@)^SLr. 60 deg 
C. 13KgW <Dl}U^1]UJ±7i(.Vmtz^tltzti-J'^ 
— 7t5>>^XCD*IZ30kg^r<7>ilJ^r*}9ttiL. ffi*> 

tZo 
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[0058] 

It cooled particle which it forms, to 30 deg C, reset to ambient 
pressure ,removed particle to outside the system , inserting in 
rotary mixer equipped open canister which is filled up with 
methyl alcohol of excess of 100 parts by weight , after the 
dehydration , particle which is acquired, vis-a-vis particle 
weight which is keptin 40 deg C with spin drying machine it 
impregnated methanol 2 hours , by agitating. 

Next, methyl alcohol of excess was removed, foamable 
polystyrene resin fat particle which isdried after that, contents 
by 20 min treating with extract and45 deg C was acquired. 

[0059] 

In this way, as for particle which is acquired, as for butane 
content with5.8 weight %, as for methyl alcohol content they 
were 1 .3 wt% . 

After that, pre-expanded particle and foamed molded article 
were obtained to similar to the Working Example 1 , melt 
adhesion of smoothness , foam particle of ceil diameter and 
molded article was measured. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 4. 

Because microdispersibility to resin of blowing agent is 
satisfactory, 150 -180;mu m and uniform ones are acquired 
also cell diameter of foam particle ,melt adhesion is high 
appearance of molded article satisfactory ones. 

[0060] 

Working Example 4 

Supplying polystyrene 100 parts from hopper of tandem 
extruder which consists of the first step extruder and second 
step extruder extrusion , next butane 5.5parts by weight from 
injection aperture of the first step extruder last half supply, 
furthermore, toluene 1 part by weight it supplied from another 
injection aperture which to blowing agent injection aperture 
and most same places is, melt mixing did polystyrene and 
butane and toluene with first step extruder and second step 
extruder . 

At time of this , as for resin temperature as for 190 deg C, 
resin pressure 90 Kg/cm <sup>2</sup> were shown. 

[0061] 

In cutter box which is filled up with heating and pressurizing 
water of 60 deg C, 13Kg/cm <sup>2</sup> the resin which 
melt mixing is done, through die head (extrusion hole 0.5mm 
diameter X 1 10 ) of second step extruder , atratio of 30 kg/h 
extrusion , underwater it cut off at once with the cutter , 
acquired particle of approximately 0.8 mm . 
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[0062] 

It cooled particle which it forms to 30 deg C, reset to ambient 
pressure ,removed particle to outside the system , inserting in 
mixer equipped enclosure which is filledup with equivalent 
mixed solution of methyl alcohol and acetone of 100 parts by 
weight , after the dehydration , particle which is acquired, 
vis-a-vis particle weight which is keptin 30 deg C with spin 
drying machine it impregnated mixed solution 1 hour , 
byagitating. 

Next, mixed solution of excess was removed, foamable 
polystyrene resin fat particle which isdried after that, contents 
by 1 hour , treating with extract and40 deg C, was acquired. 

[0063] 

In this way, as for particle which is acquired, as for butane 
content asfor 4.7 weight %, toluene content with 0.9 
weight %, as for content of methyl alcohol and the acetone 
they were 0.40.3 wt% respectively. 

After that, pre-expanded particle and foamed molded article 
were obtained to similar to the Working Example 1, melt 
adhesion of smoothness , foam particle of molded article was 

measured. 

properties of foamability pEirticle , pre-expanded particle and 
molded article chart - is shown in 4. 

cell diameter to be acquired 130 - 150;mu m and uniforai 
ones, appearance of molded article satisfactory ones. 

[0064] 

Working Example 5 
Working Example 3 

With melt mixing doing polystyrene resin and butane in same 
way, youinserted foamable polystyrene resin fat particle 100 
parts and methyl alcohol 1 part which it acquires in the 
Henschel mixer and after 1 hour churning heating treating 
with 40 deg C, the solvent removal * drying, you obtained 
foamed molded article to similar to Working Example 1, 
measured cell diameter of pre-expanded particle and 
smoothness of molded article and melt adhesion of the foam 
particle . 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 4. 

[0065] 

Comparative Example 1 

Other than supplying methyl alcohol to extruder , foamable 
polystyrene resin fat particle wasacquired to similar to 
Working Example 1. 
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c. i5kg/cm' a)»nfSftJinlE7Ki:/1§fc$tifc**yi^^ 

:^Cf7f^^>^:^O^lZ 30kg/hr OSJ^T?}? LtbL. 



Next, foamed molded article was obtained to similar to 
Working Example 1, cell diameter of the pre-expanded 
particle and smoothness of molded article and melt adhesion 
of foam particle weremeasured. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 6. 

[0066] 

As for particle which it acquires, microdispersibility of butane 
inside the particle not to be good, as for cell diameter of 
pre-expanded particle 30 - 120;mu m and nonuniform ones. 

In addition, also appearance of molded article was defect , 

[0067] 

Comparative Example 2 

Other than supplying methyl alcohol to extruder , foamable 
polystyrene resin fat particle wasacquired to similar to 
Working Example 2 . 

Next, foamed molded article was obtained to similar to 
Working Example 2 , cell diameter of the pre-expanded 
particle and smoothness of molded article and melt adhesion 
of foam particle weremeasured. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 6. 

[0068] 

As for particle which it acquires, assist is done toluene which 
kneading has been done foamability of in spite as for cell 
diameter of the pre-expanded particle , 60 - 150;mu m and 
nonuniform ones. 

In addition, as for appearance of molded article without being 
good. 

[0069] 

Comparative Example 3 

Supplying polystyrene 100 parts from hopper of tandem 
extruder which consists of the first step extruder and second 
step extruder extrusion , it supplied butane 6.5parts by weight 
next from the injection aperture of first step extruder last half , 
melt mixing did polystyrene and butane and the methyl 
alcohol with first step extruder and second step extruder . 

At time of this , as for resin temperature as for 200 deg C, 
resin pressure 120 Kg/cm <sup>2</sup> were shown. 

[0070] 

In cutting box which is filled up with heating and pressurizing 
water of 65 deg C, 15kg/cm <sup>2</sup> the resin which 
melt mixing is done, through die head (extrusion hole 0.6mm 
diameter X 70 ) of second step extruder , atratio of 30 kg/h 
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LT . 80 deg C. Skg/cm^ CD*n^toIi7Kr*JSyc 

^tifc^'v^— 7t?*>^^X(D43|c 30kg/hr a)til'&-e 

fftiJL. -e***'VhL. »?J 1.0mm 



extrusion , underwater it cut off at once with the cutter , 
acquired particle of approximately 1 .0 mm . 

[0071] 

After being separated from pipe of heating and pressurizing 
liquid which in interior you could install jacket for heating & 
cooling in outside with mixer , from cutting box in heating 
and pressurizing liquid and simultaneous through the pipe , 
leads particle which it forms to pressure resistant vessel of 
pressure resistance 25Kg/cm <sup>2</sup>,circulates by 
valve , passed water doing cooling water in jacket , under 15 
Kg/cm <sup>2</sup> pressurizing. From 65 deg C to 30 deg 
C it cooled with 58 min and (cooling rate 0.6deg Cper 
minute ) * reset to ambient pressure and removed particle to 
outside the system , dehydration * dried with the spin drying 
machine , acquired foamable polystyrene resin fat particle . 

Next, foamed molded article was obtained to similar to 
Working Example 1, cell diameter of the pre-expanded 
particle and smoothness of molded article and melt adhesion 
of foam particle weremeasured. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 6. 

[0072] 

In addition, as for particle which is acquired, as for cell 
diameter of pre-expanded particle , 50 - 160;mu m and 
nonuniform ones. 

In addition, as for appearance of molded article without being 
good. 

[0073] 

Working Example 6 

styrene *methacrylic acid copolymer resin (styrene 
/methacrylic acid =90/10 ) supplying 100 parts from hopper 
of twin screw extruder , the extrusion , next pentane 7parts by 
weight from injection aperture of midway portion of extruder 
supply,furthermore, methyl alcohol 0.5parts by weight it 
supplied from another injection aperture which to the blowing 
agent injection aperture and most same places is, melt mixing 
did copolymer resin and pentane and methyl alcohol . 

At time of this , as for resin temperature as for 220 deg C, 
resin pressure 100 Kg/cm <sup>2</sup> were shown. 

[0074] 

Through die head (extrusion hole 0.6mm diameter X 70 ) 
which can install resin which melt mixing in cutter box which 
is filled up with heating and pressurizing water of 80 deg C, 
5kg/cm <sup>2</sup> is done,in end of extruder , at ratio of 
30 kg/h extrusion , underwaterit cut off at once with cutter , 
acquired particle of approximately! .0 nun . 
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[0075] 

It cooled particle which it forms, to 40 deg C, reset to ambient 
pressure ,30 min hold did, methyl alcohol of excess after 
Hayaru scattering, itremoved particle to outside the system , 
dehydration * dried with spin drying machine ,acquired 
foamability styrene -methacrylic acid copolymer resin 
particle . 

[0076] 

In this way, as for particle which is acquired, as for pentane 
content with6.3 wt% , as for methyl alcohol content it was 
0.4%. 

After that, pre-expanded particle and foamed molded article 
were obtained to similar to the Working Example 1, melt 
adhesion of smoothness , foam particle of cell diameter and 
molded article was measured. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 8. 

[0077] 

Working Example 7 

polypropylene resin (UBEPolypro YK121:Ube Industries Ltd. 
(DB 69-056-0008 ) supplied ) supplying 100 parts from 
hopper of tandem extruder , the extrusion , next pentane 
4.5parts by weight from injection aperture of midway portion 
of extruder supply, frirthermore, methyl alcohol O.Sparts by 
weight it supplied from another injection aperture which to 
the blowing agent injection aperture and most same places is, 
melt mixing did resin and pentane and methyl alcohol . 

At time of this , as for resin temperature as for 240 deg C, 
resin pressure 150 Kg/cm <sup>2</sup> were shown. 

Through die head (extrusion hole 0.6mm diameter X 70 ) 
which can install resin which melt mixing in cutter box which 
is filled up with heating and pressurizing water of 80 deg C, 
12Kg/cm <sup>2</sup> is done,in end of extruder , at ratio of 
25 kg/hr extrusion , underwaterit cut off at once with cutter , 
acquired particle of approximately 1.2 mm . 

It cooled particle which it forms, to 40 deg C, reset to ambient 
pressure and 30 min hold did, methyl alcohol of excess after 
Hayaru scattering, itremoved particle to outside the system , 
dehydration * dried with spin drying machine ,acquired 
foamable polypropylene resin particle . 

In this way, as for particle which is acquired, as for pentane 
content with3.7%, as for methyl alcohol content it was 0.5%. 

After that, (However, as for pressure of water vapor from 
polystyrene resin with raising) pre-expanded particle and 
foamed molded article were obtained to similar to the 
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Working Example 1, melt adhesion of smoothness , foam 
particle of cell diameter and molded article was measm-ed. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 8. 

[0078] 

Comparative Example 4 

Other than supplying methyl alcohol to extruder , foamability 
styrene -methacrylic acid copolymer resin particle was 
acquired tosimilar to Working Example 6. 

After that, pre-expanded particle and foamed molded article 
were obtained to similar to the Working Example 6, melt 
adhesion of smoothness , foam particle of cell diameter and 
molded article was measured. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 8. 

[0079] 

As for particle which it acquires, microdispersibility of 
pentane inside the particle not to be good, as for cell diameter 
of pre-expanded particle 20 - 200;mu m and nonuniform ones. 

In addition, appearance of molded article with defect , melt 
adhesion was 40%. 

[0080] 

Comparative Example 5 

Other than supplying methyl alcohol to extruder , foamable 
polypropylene resin particle was acquired tosimilar to 
Working Example 7. 

After that, pre-expanded particle and foamed molded article 
were obtained to similar to the Working Example 7, melt 
adhesion of smoothness , foam particle of cell diameter and 
molded article was measured. 

properties of foamability particle , pre-expanded particle and 
molded article chart - is shown in 8. 

[0081] 

In this way, as for particle which is acquired, 
microdispersibility of the pentane inside particle not to be 
good, as for cell diameter of pre-expanded particle 30 - 
500;mu m and nonuniform ones. 

In addition, appearance of molded article with defect , melt 
adhesion was 20%. 

[0082] 

Furthermore above-mentioned Working Example 1-7 and 
composition of foamable thermoplastic resin particle childof 
Comparative Example 1-5 Table 1 , Table 3 , chart - 5, chart - 
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[0083] [0083] 
[a 1] [Table 1 ] 
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[0084] [0084] 
2] [Table 2 ] 
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[0085] [0085] 
3] [Table 3 ] 
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[0086] [0086] 
4] [Table 4 ] 
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[0087] [0087] 
[a 5] [Table 5 ] 
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[0088] [0088] 
[S 6] [Table 6 ] 
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[0089] [0089] 
[S 7] [Table 7 ] 
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8] [Table 8 ] 
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[Effects of the Invention ] 

According to manufacturing method of this invention , it 
possesses hydroxy group or the carbonyl group , blowing 
agent uniform dispersion does in particle by at same 
timeadding organic compound of molecular weight 30-80, 
foamed molded article which cell diameter of foam particle 
does, homogenization possesses satisfactory appearance of 
molded article with that can beacquired. 

[Brief Explanation of the Drawing (s )] 

[Figure 1 ] 

Figure 1 is process diagram which shows step in order to 
produce the foamable resin particle of this invention in 
continuous . 

1 ithermoplastic resin supply port (hopper ), 
2:extruder (first ) 
3:blowing agent supply line 
4: foaming aid supply line 
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Drawings 



5 connecting pipe 
6: extruder (second ) 
7:die head 
8: cutter blade 
9:cutter box 

10 and 1 livalve (line for circulated liquid ) 
valve for 12 and 14:pressure adjustment 
valve for 13 and 15:pressure pulling out 
16:pressure vessel (first ) 
17 and 19:mixer 
18:pressuFe vessel (second ) 
20and21:filter 

22 and 23:valve (line for circulated liquid ) 

24 and 25: valve (foamable resin particle drain line ) 

26:foamable resin particle sample removal canister 

27:filter 

28 rambient pressure circulated liquid canister 
29:pressurizing pump 

valve *line , for liquid resetting of 30:pressure adjustment 

3 1 :heat exchanger 

32: adding hot liquid feed pump 

[Figure 1 ] 
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